Two Gram-positive-staining, endospore-forming, rod-shaped, motile bacteria, strains DCY35 T and C17, were isolated from soil of a ginseng field in South Korea and were characterized in order to determine their taxonomic positions. 16S rRNA gene sequence analysis revealed that the two strains belonged to the family Paenibacillaceae; strain DCY35
common to members of the genus Brevibacillus, and that the predominant fatty acids were iso-C 15 : 0 (37.3 % of the total), anteiso-C 15 : 0 (32.9 %), iso-C 14 : 0 (11.8 %) and iso-C 16 : 0 (6.5 %).
The results of physiological and biochemical tests clearly demonstrated that strains DCY35
T and C17 represent a distinct species. Based on these data, the two strains are considered to represent a novel species of the genus Brevibacillus, for which the name Brevibacillus panacihumi sp. nov. is proposed. The type strain is DCY35 T (5KCTC 13206 T 5JCM 15085 T ).
The genus Brevibacillus was created by Shida et al. (1996) with the reclassification of ten species of the genus Bacillus. Additional Brevibacillus species have subsequently been described: Brevibacillus invocatus (Logan et al., 2002) was isolated from contaminants of an industrial fermentation process, Brevibacillus limnophilus was proposed based on the reclassification of a strain of Brevibacillus brevis (Goto et al., 2004) , Brevibacillus levickii was isolated from the slope of Mount Melbourne (Allan et al., 2005) and Brevibacillus ginsengisoli was isolated from soil of a ginseng field (Baek et al., 2006) . At the time of writing, the genus comprises 14 recognized species. Members of the genus contain MK-7 as the major respiratory quinone, produce oval endospores in swollen sporangia, possess anteiso-C 15 : 0 and iso-C 15 : 0 as the major cellular fatty acids and have DNA G+C contents in the range 40.4-57.3 mol% (Shida et al., 1996) .
In a series of studies, we attempted to isolate microorganisms from soil in order to investigate the community structure based on a culture-dependent method. In the present study, two strains (DCY35 T and C17) were isolated from soil in a ginseng field and were characterized based on data from a polyphasic approach, including 16S rRNA gene sequence analysis, DNA-DNA hybridizations and chemotaxonomic and phenotypic properties. The results indicated that strains DCY35
T and C17 represent a novel species of the genus Brevibacillus.
Strains DCY35
T and C17 were isolated from surface soil of an agricultural field where ginseng was planted. One gram of soil was immersed in 50 ml saline solution and vortexed; the suspension was then serially diluted and 100 ml aliquots were inoculated on tenfold-diluted R2A agar (Difco). Purified colonies were tentatively identified by using partial 16S rRNA gene sequences. Cell morphology and motility were observed with a Nikon light microscope (61000 magnification) after incubation on diluted Luria-Bertani (LB) agar (0.5 % agar) for 1 day. The Gram reaction was conducted according to the non-staining method as described by Buck (1982) . Oxidase activity was evaluated via the oxidation of 1 % p-aminodimethylaniline oxalate and catalase activity was determined by measurements of
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of strains DCY35
T and C17 are EU383033 and EU383032, respectively. bubble production after the application of 3 % (v/v) hydrogen peroxide solution (Cappuccino & Sherman, 2002) . Growth at various temperatures (4, 15, 25, 30, 37 and 42 u C) was assessed on R2A agar and growth at different pH values (pH 5.0-11.0 at intervals of 0.5 pH units) was assessed in R2A broth. Growth on nutrient agar (NA), LB agar and trypticase soy agar (TSA) was also evaluated at 30 u C. The API 20NE, API ID32 GN, API 50CH and API ZYM microtest systems were employed in these tests according to the recommendations of the manufacturer (bioMérieux).
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), purified by TLC and subsequently analysed by HPLC, as described by Collins & Jones (1981) and Shin et al. (1996) . In order to perform fatty acid methyl ester analysis, cells were allowed to grow on TSA for 48 h at 30 u C and two loops of well-grown cells were then harvested. Fatty acid methyl esters were prepared, separated and identified with the Sherlock Microbial Identification System (MIDI, Inc.) (Sasser, 1990) .
For determination of the DNA G+C content, genomic DNA was extracted and purified with the Qiagen Genomictip system 100/G and then enzymically degraded into nucleosides. The nucleosides were analysed by using HPLC as described by Tamaoka & Komagata (1984) and Mesbah et al. (1989) . DNA-DNA hybridizations were performed fluorometrically, according to the method developed by Ezaki et al. (1989) , by using photobiotin-labelled DNA probes and microdilution wells. Hybridizations were conducted in five replications for each sample. The highest and lowest values obtained for each sample were excluded: means of the remaining three values are quoted as DNA-DNA relatedness values.
The 16S rRNA gene was amplified from chromosomal DNA by using the universal bacterial primer set fD1 and rP1 (Weisburg et al., 1991) and the purified PCR product was sequenced by Genotec (Kim et al., 2005) . The fulllength 16S rRNA gene sequence was compiled with SeqMan software (DNASTAR Inc.). The 16S rRNA gene sequences of related taxa were obtained from GenBank and edited by using the BioEdit program (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Evolutionary distances were calculated by using Kimura's two-parameter model (Kimura, 1983) . A phylogenetic tree was constructed according to the neighbour-joining method (Saitou & Nei, 1987) in the MEGA 3 program (Kumar et al., 2001) . Bootstrap analysis based on 1000 replicates was also conducted in order to obtain confidence levels for the branches (Felsenstein, 1985) . The closest relatives of strain DCY35 T , i.e. the type strains of all recognized Brevibacillus species, were included in the phylogenetic tree.
T and C17 were cultured on R2A agar and LB agar at 30 u C, yielding pale-yellow, circular colonies. The two strains were aerobic, Gram-positive-staining, motile, rod-shaped bacteria that were able to grow at 15-42 u C and at pH 5-9. No growth was observed at 4 u C. Physiological characteristics of strains DCY35
T and C17 are summarized in the species description below, and differential characteristics between the novel strains and the type strains of recognized Brevibacillus species are shown in Table 1 .
The cellular fatty acid profiles of strain DCY35
T and related taxa are given in Table 2 . The major cellular fatty acids of strain DCY35
T were iso-C 15 : 0 (37.3 % of the total), anteiso-C 15 : 0 (32.9 %), iso-C 14 : 0 (11.8 %) and iso-C 16 : 0 (6.5 %). The fatty acid profile of strain DCY35
T was very similar to those of recognized Brevibacillus species (Baek et T and C17 contained a menaquinone with seven isoprene units (MK-7) as the predominant isoprenoid quinone, a feature common to species of the genus Brevibacillus (Shida et al., 1996) . The 16S rRNA gene sequences of strains DCY35
T and C17 were found to be continuous stretches of 1473 nt. The sequences of the two strains differed at only one position. The two strains were determined to belong to the class Bacilli, order Bacillales, family Paenibacillaceae. Strain DCY35
T showed highest levels of 16S rRNA gene sequence similarity to strain C17 (99.9 %), B. T (97.0 %). Levels of similarity between strain C17 and the type strains of recognized Brevibacillus species were almost the same as those for strain DCY35
T because the 16S rRNA gene sequences of the two novel strains were almost identical. In the phylogenetic tree (Fig. 1) , strains DCY35
T and C17 clearly belonged to lineage encompassing the genus Brevibacillus.
The mean G+C content of the genomic DNA of strains DCY35
T and C17 was 50.1 and 50.5 mol%, respectively, (0 %). These values were clearly less than the recommended threshold of 70 % for the delineation of a genomic species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . Thus, our results support the placement of strains DCY35 T and C17 within a separate and previously unrecognized species. The results of the present polyphasic analyses clearly show that strains DCY35
T and C17 represent a novel species of the genus Brevibacillus, for which the name Brevibacillus panacihumi sp. nov. is proposed.
Description of Brevibacillus panacihumi sp. nov.
Brevibacillus panacihumi (pa.na.ci.hu9mi. N.L. n. Panax -acis scientific name of ginseng; L. n. humus soil; N.L. gen. n. panacihumi of soil of a ginseng field).
